Metabolic syndrome has been previously identified as a risk factor for breast cancer and is increasingly a public health concern. This study aims to investigate the prevalence of metabolic syndrome and its components among primary breast cancer and control population. The clinical data of metabolic syndrome and its components in the breast cancer (605 cases) and control population (3212 cases), from Breast Cancer Center and Physical Examination Center of Chongqing, China, from July 2015 to February 2017, were collected for comparative analysis. This study was prospectively registered in Chinese Clinical Trial Registry (http://www.chictr.org.cn/, number: ChiCTR-OOB-15007543). The prevalence of metabolic syndrome in breast cancer (32.6%) was obviously higher than that in control population (18.2%) (p<0.001; OR: 2.173, 95%CI: 1.793 to 2.633). With age stratification, the prevalence of metabolic syndrome in breast cancer group aged below 60 years (24.9%, p<0.001; OR: 2.216, 95%CI: 1.744 to 2.816) and equal/above 60 years (58.3%, p<0.001; OR: 2.291, 95%CI: 1.580 to 3.322) were also statistically higher than those (13.0% & 37.9%) in control population, respectively. Breast cancer women were more likely to have preobese or obesity (BMI ≥30.0), broader waist circumference, lower HDL-C level, higher systolic and/or diastolic blood pressure and higher fasting blood glucose level compared to the control population, corresponding prevalence were 31.7%vs.19.4%, 76.0%vs.29.6%, 37.4%vs.30.4%, 34.2%/27.3%vs.27.6%/14.2% and 25.0%vs.20.1%, respectively (p<0.01). In summary, there is high prevalence of metabolic syndrome and its components in Chinese breast cancer women, and metabolic syndrome is closely related with breast cancer. Therefore, screening and prevention strategy of metabolic syndrome should be carried out in the management of breast cancer.
Introduction
Studies have shown that breast cancer is the most common cancer among females worldwide, which has seriously impacted the female health [1] . Although there are varieties of risk factors, such as age, genetic factors, menstrual status, reproductive and lifestyles, already known for breast cancer development, however oncologists have not paid appropriate attention to certain metabolic factors which may have major role in breast cancer development [2, 3] .
Metabolic syndrome presents with a cluster of risk factors, including dyslipidemia, raised fasting
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International Publisher blood glucose, raised waist circumference and raised blood pressure, for cardiovascular disease and type 2 diabetes mellitus [4] . As the economy has developed and lifestyle modifications have arisen as a result, the prevalence of metabolic syndrome has risen worldwide and it has now become a public health concern [5] .
As recent studies [6] [7] [8] [9] [10] reported, metabolic syndrome is closely associated with the breast cancer development. A meta-analysis by Bhandari et al. [11] reported that metabolic syndrome can increase the risk of breast cancer in adult females, another meta-analysis by Esposito et al. [12] suggested that metabolic syndrome is associated with a moderately increased risk of postmenopausal breast cancer. In addition, metabolic syndrome is associated with increased risk of second breast cancer events and breast cancer specific mortality of early stage breast cancer during median follow-up of 6.3 years [7] . However, most original studies were conducted on Western populations, Asian population studies were rarely conducted. Besides, little is known about the prevalence of metabolic syndrome and its components among initially diagnosed breast cancer patients in Asia. Therefore, the purpose of present study is designed to investigate the prevalence and comparative analysis of metabolic syndrome and its components among breast cancer women and control population in China.
Materials and Methods

Study design, participants and registration
This is a case-control study which conducted in the Breast Cancer Center of Chongqing and Department of Physical Examination, the First Affiliated Hospital of Chongqing Medical University, Chongqing, which is situated in the southwest of China. There are approximately 31.4 million people who live in about 82,402.95 km 2 area of Chongqing. This study was approved by the Administration Ethics Committee of the First Affiliated Hospital of Chongqing Medical University, and conducted in accordance to the Principles of Helsinki Declaration. This study was prospectively registered in Chinese Clinical Trial Registry (http://www.chictr.org.cn/, Registration number: ChiCTR-OOB-15007543).
In this study, we collected the data involving 3817 participants with reports of their metabolic components from Breast Cancer Center of Chongqing and Department of Physical Examination, the First Affiliated Hospital of Chongqing Medical University, Chongqing, China, from July 2015 to February 2017. The cases in group A were initially diagnosed breast cancer patients with pathological confirmation (n=605), which was histopathologically diagnosed by the Clinical Pathology Diagnostic Center of Chongqing, Chongqing Medical University. The cases in group B were control population (n=3212), in which all participants were from the same population in the similar period as group A, and ultrasound and/or mammography were used to screen for breast cancer in the Department of Physical Examination, and those positive of breast cancer were excluded (Figure 1 ). We performed a manual review of the participants' electronic records to collect the corresponding information. Eligible participants were females aged over 18 with reports of their metabolic components. 
Measurement of variables
Data of waist circumference, height, weight, blood pressure, serum lipid level and fasting blood glucose level were collected for analysis. Blood tests were performed by Department of Laboratory Medicine, the First Affiliated Hospital of Chongqing Medical University. Past medical history of participants were inquired and recorded in electronic medical record system.
Definition of metabolic syndrome and body mass index (BMI)
According to the definition of a Joint Scientific Statement [4] , metabolic syndrome is defined as the presence of three or more of the following five risk factors: (1) Visceral obesity defined by waist circumference (population and country specific definitions, males ≥ 85cm and females ≥ 80cm for Chinese); (2) Triglycerides ≥ 150 mg/dL; (3) Decreased high density lipoprotein cholesterol (HDL-C) levels (males < 40mg/dL, females < 50 mg/dL); (4) Blood pressure elevated (systolic ≥130 mmHg and/or diastolic ≥85 mmHg); (5) Fasting blood glucose level ≥ 100 mg/dL. The status of metabolic syndrome by the BMI stratification among breast cancer patients and control population was analyzed.
Statistical analysis
All statistics were calculated by Microsoft Office 2010 and Statistical Package for Social Science Program (SPSS, version 19, Chicago, IL). All p values were two-sided and p<0.05 was considered to be statistically significant for all analyses. Pearson Chi-Square test and Continuity Correction Chi-Square test were mainly used to comparative analysis of the p values for count variables of metabolic syndrome and its components among breast cancer patients and control population. Besides, we estimated odds ratio (OR) and 95% confidence interval (CI) using univariate logistic regression analysis model to assess the metabolic syndrome among breast cancer patients and control population.
Results
Characteristics of the study population
A total of 3817 participants were eligible, of which 605 participants were initially female breast cancer patients (median age: 50.3 years), the other 3212 participants were control females (median age: 46.6 years) from our physical examination system within the same time frame. The average BMI of primary female breast cancer patients and control females group was 23.9 kg/m2 and 22.5 kg/m2. Originally, we extracted 4835 control females' physical examination data for preliminary screening, further we excluded those without intact metabolic syndrome indicators, BMI, medical history and basic information, finally 3212 control females remained for further analysis. The metabolic syndrome indicators, BMI, medical history and basic information of the 605 primary female breast cancer patients from the Breast Cancer Center of Chongqing record system were measured at the time of first hospitalized.
The prevalence of metabolic syndrome
The prevalence of metabolic syndrome in primarily diagnosed breast cancer patients (32.6%) was statistically higher than that (18.2%) of control population (p<0.001; OR: 2.173, 95%CI: 1.793 to 2.633) ( Table 1) .
With age stratification, the prevalence of metabolic syndrome in breast cancer group aged below 60 years (24.9%) and equal/above 60 years (58.3%) were also statistically higher than those (13.0% & 37.9%) in control population, respectively (p<0.001; OR: 2.216, 95%CI: 1.744 to 2.816) and (p<0.001; OR: 2.291, 95%CI: 1.580 to 3.322). With further stratification in the group aged below 60 years, the difference was statistically significant, except for the subgroup between 30 to 39 years old ( Table 1) .
The prevalence of preobese or obesity (BMI≥25) in breast cancer group (31.7%) was obviously higher than that (19.4%) in control population. With BMI stratification, the prevalence of metabolic syndrome in subgroup underweight (BMI<18.5), normal (18.5≤ BMI<25), preobese (25≤BMI<30) and obesity (BMI≥30) was 0%, 22.1%, 57.6% and 61.8% in breast cancer group, respectively, while the corresponding prevalence in control population were 1.9%, 10.1%, 52.7% and 72.4%, respectively. Statistically difference between breast cancer and control population was observed only in the normal BMI (18.5 ≤ BMI<25) subgroup (p<0.001; OR: 2.525, 95%CI: 1.917 to 3.326). Moreover, a trend was observed that with higher the BMI, subjects were more likely to have metabolic syndrome regardless in both breast cancer patients and control population (Table 1) . Table 2 ). However, after stratification analyses by age <60 and ≥60, the difference was only significant in control population subgroup age <60 (p=0.001). Therefore, it is suggested that the higher the BMI, the more risk to have metabolic syndrome in both breast cancer group as well as control population. It is noted that due to the small sample size in the underweight group, the prevalence of metabolic syndrome in the underweight breast cancer group was 0%, which requires further investigation.
The status of individual metabolic syndrome components
With regards to individual metabolic syndrome components, breast cancer patients were more likely to have broader waist circumference, lower HDL-C level, higher systolic and/or diastolic blood pressure and higher fasting blood glucose level compared to the control population, corresponding prevalence were 76.0% vs. 29.6%, 37.4% vs. 30.4%, 34.2%/27.3% vs. 27.6%/14.2% and 25.0% vs. 20.1%, respectively. Interestingly, the raised triglyceride level was lower in breast cancer patients (14.5%) compared with control population (18.3%). The difference of all the individual components between the two groups were found to be statistically significant overall (p<0.05). After stratification analyses by age <60 and ≥60, the difference was significant in most of the subgroups (p<0.05), except the triglyceride and fasting blood glucose in subgroup age <60 (p>0.05), the HDL-C and systolic blood pressure in subgroup age ≥60 (p>0.05) ( Table 3) .
When came to the number of metabolic syndrome components in individual subjects, metabolic syndrome components were totally absent in 12.2% and 38.8% subjects in breast cancer and control population group, respectively. Meanwhile, a single metabolic syndrome component was observed in 24.8% breast cancer patients and 26.5% control population, besides, two of the components were found in 30.4% breast cancer patients and 16.5% control population. Cases with three or above components were defined as metabolic syndrome, which presented in 32.6% breast cancer patients and 18.2% control population respectively. The number of cases with two or more components was higher in breast cancer group compared to control population group, the difference was statistically significant overall and stratification by age <60 and ≥60 (p<0.05) ( Table 4 ).
Discussion
Recently, several studies showed that metabolic syndrome has increased the risk of breast cancer occurrence, recurrence and breast cancer specific mortality [8, 10, 14, 15] . A meta-analysis, including a total number of 97,277 adult females from nine independent cohorts, found metabolic syndrome significantly increased the risk of breast cancer by 47% [11] . Meanwhile, the metabolic syndrome is prevalent worldwide, thus the influence of metabolic syndrome should not be ignored [16] . Since the definition of metabolic syndrome is population specific and the regional economic development different, the prevalence of metabolic syndrome is also population specific [4, 17] . A national cross-sectional survey of China indicated that the prevalence of metabolic syndrome and overweight was 17.8% and 31.1% in women, which has become a significant public health burden [18] . However, we know little about the prevalence of metabolic syndrome and overweight in breast cancer in China.
Our study shows a higher prevalence of metabolic syndrome in breast cancer patients (32.6%) compared to control population (18.2%), besides there is an even higher prevalence of metabolic syndrome in breast cancer patients of equal/above 60 years (58.3%). Although we couldn't separate the breast cancer patients into premenopausal and postmenopausal, the subgroup patients of equal/above 60 years were considered as postmenopausal. As previously reported [19] , the prevalence of metabolic syndrome in postmenopausal breast cancer patients was 53.7%, which is in accordance to our study. However, the previous study only involved 67 postmenopausal breast cancer patients [19] , thus our study seems to provide a larger sample of participants and obtain more powerful evidences. In our study, we observed the prevalence of preobese or obesity (BMI≥25) was 31.7% in breast cancer and 19.4% in control population. According to the BMI stratification analysis, a trend was observed that when the BMI is increasing, the risk of metabolic syndrome increased regardless in both breast cancer patients and control population. Various studies have shown that metabolic risk factors were positively associated with BMI, the higher the BMI the more metabolic risk factors acquired [20] . BMI is an indicator for obesity, but not exactly of abdominal obesity [21] . The waist circumference, as a criterion of metabolic syndrome diagnosis, is an important indicator for abdominal obesity, and the definition of waist circumference measure is population specific according to different regions [4] . In our study, the prevalence of excessive waist circumference was 76.0% in breast cancer and 29.6% in control population, which suggests a high prevalence of abdominal obesity in breast cancer. As He et al. reported, abdominal obesity was associated with a significantly higher metabolic syndrome burden [22] . Abdominal obesity is a marker of dysfunctional adipose tissue which could contribute to the insulin resistant and inflammatory reaction, and further activate the signaling pathway of cancer development [23] .
We observed the prevalence of raised triglyceride was 14.5% in breast cancer and 18.3% in control population. It is interesting that the prevalence of raised triglyceride was lower in breast cancer patients compared to control population. We speculate that the hypermetabolism of cancer cells might use the serum lipid as its fuel, so the level of the triglyceride was lower in breast cancer patients [24] . As a meta-analysis by Ma et al reported, the serum triglycerides was not associated with the risk of breast cancer [25] . Besides, the prevalence of low HDL-C level was higher in breast cancer (37.4%) compared to control population (30.4%). Previous studies [26] [27] [28] have indicated that low levels of HDL-C were correlated with negative prognosis in various types of cancer, although the mechanism remains unclear.
In our study, the prevalence of raised systolic or diastolic blood pressure is higher in breast cancer patients compared to control population. Han et al. [29] suggested that hypertension was associate with increased risk of breast cancer, specifically for postmenopausal women. Besides, hypertension, as a cardiovascular risk factor, would undoubtedly negative affect the prognosis of breast cancer [30] .
Additionally, the prevalence of raised fasting blood glucose is higher in breast cancer compared to control population. Previous studies suggested that prediabetes and diabetes, as the results of peripheral insulin resistance and dysfunctional insulin secretion, were risk factors of breast cancer in women [31, 32] . Insulin resistance is not only the reason for diabetes, but also a potentially key role of metabolic syndrome [33] . Therefore, correcting insulin resistance plays an important role in preventing both metabolic syndrome and breast cancer.
Metabolic syndrome, defined as a cluster of metabolic risk factors occur together in human body, is identified as a risk factor for breast cancer [8, [10] [11] [12] . Our study shows that the prevalence of metabolic syndrome was 32.6% in breast cancer and 18.2% in control population. Meanwhile, more metabolic syndrome components were present in breast cancer compared to control population. Although more metabolic syndrome and its components were present in breast cancer patients, many control population had metabolic syndrome and its components, especially those who were obese or preobese, they are of great risk of future cardiovascular disease. There are several reasons explaining the high prevalence of metabolic syndrome and its components. Above all, people have less physical activity due to the modern life pace has changed. Besides, dietary intake has changed a lot because of the economy has developed, more fat and calorie are taken, thus more people become overweight. Thus, it is suggested that the lifestyle behaviors modification would result in a decrease in metabolic syndrome and its components [34] [35] [36] , however, a lifestyle with low-fat, low-calorie, appropriate intensity exercise and weight control would be good for decreasing in metabolic syndrome and its components [34] .
To our knowledge, this is the largest sample study of metabolic syndrome among breast cancer patients and control population in China. Our finding provides the prevalence of metabolic syndrome and its components in breast cancer and control population, and suggests that metabolic syndrome may be a risk factor for breast cancer development. We would like to state several limitations of our study. The participants recruited here were subject to selection bias as there were all female and not selected at random from the whole population. Furthermore, there were several cofactors that may influence the results that can't be evaluated due to the limitation of data, such as prescribed medication using, cigarette smoking and alcohol using. Additionally, due to the fact that it would take a long duration of time for the biological mechanism of metabolic syndrome to affect the development of breast cancer, prospective study should be conducted to identify the relationship between metabolic syndrome and breast cancer in further research. Finally, we haven't obtained follow-up data about prognosis due to limited time period. In further study, we would like to research the influence of metabolic syndrome in the treatment and prognosis of breast cancer.
Conclusions
In conclusion, our study shows a high prevalence of metabolic syndrome in Chinese breast cancer patients, and BMI is closely associated with metabolic syndrome. Our study results indicate that metabolic syndrome and its components are present to a greater degree in Chinese breast cancer women compared to control population, metabolic syndrome is closely related with breast cancer regardless of the menopausal status. Therefore, we believe that our results support the screening of metabolic syndrome in breast cancer. Besides, we suggest that appropriate prevention and active treatment of metabolic syndrome and its components should be considered in the management of breast cancer patients.
